The side relief faces of the monolithic involute gear hob are machined through relieving. The resulting surfaces are bevel helical surfaces in which the side cutting edges result from the intersection of these with the helical rake face. Theoretically, the gear hob is derived from an involute worm. Resharpening decreases the diameter of the hob, thus the edges became closer to the axis, and as a consequence they will be situated on a smaller worm than the original. The present paper analyses the deviation of the re-sharpened gear hob's carrying worm from the theoretically perfect involute worm whose characteristic dimensions were adjusted considering the re-sharpened gear hob characteristic diameters. It was proven that the evolution of the errors is significantly different from that described in the literature. Thus, increasing the new gear hob diameters in comparison with the calculated dimensions is unnecessary, because it cannot reduce the error to half with this procedure. The mathematical model was built up accepting that the edges result from the intersection of an involute worm with a helical rake face and the side relief faces result from the rototranslation of the edges on a bevel helix leading curve dressed by the relieving parameter.
The Model of the Gear Hob's Generating Worm
According to the majority of opinions given in the literature [1] [2] [3] [4] [5] [6] [7] [8] , the gear hob's generating worm is considered in the present paper to be an involute worm. Mathematically, the helical surfaces of the involute worm can be generated using two different procedures [1, 3, 4, 5, 6, 8] : rototranslating generating lines, or rototranslating involutes over a cylindrical helix leader curve. The present model will make use of generating lines. In order to obtain the greatest possible simplification of the right sides of the equations, generating lines motion will start from a particular position that differs from the position of the real cutting edges in the manufacturing process [1, 3, 4, 5] . λ of the pitch helix line, the normal module n m and the number of teeth of the worm i, using the equations of the involute geometry [9] . In the present paper the generating worm has only one tooth.
The xyz frame is attached to the worm. Axis y is the symmetry axis of the radial section. It is easy to remark that generatrix lines can be rotated from the basic position (Figure 1 .) in any arbitrary position, respecting the condition of tangency to the basic helix.
The computing and the formulas can be essentially simplified if -exploiting the property mentioned before -planes The parametric equations of the generating lines can be written using the geometrical relations shown in Figure 2 :
Here the parameter j is assigned to -1 for the left side and to +1 for the right side of the worm tooth. 
The equations of the generating worm surfaces are obtained using expressions (1) and (2) within the matrix equation of the transformation [3, 4] : 2. The side relief faces of the involute gear hob.
The relief face generating edges
The relief face generating edges are the intersections of the theoretical (designed) involute worm and the rake face. This latter is also a helical surface whose pitch helix line is perpendicular to the pitch helix line of the involute worm. As a consequence, the sense of its helix is opposite to that of the worm, but the tangent line to its pitch helix forms the angle 0 λ with the axis z. 
The helix pitch C p of the rake face is computed from the condition of perpendicularity of the pitch helices [8] .
In the following, the implicit form of the equation of rake face will be used:
As defined before, the generating curves of the side relief faces are obtained by intersecting the involute worm's surfaces with the rake face. Introducing the parametric functions (3) in equation (6) and priming v depending on u the edge defining function becomes as follows:
Finally, the parametric equations of the generating edges are given by expressions (3) if parameter v is replaced by function (7). 
The equations of the side relief faces
The side relief faces are generated by passing the generating edges over a conical helix leading line which is defined by the relieving depth k and the axial pitch ax p . The detailed model of the side relief face meshing is described in [3, 4, 8] . Using the transformation given in [8] , the parametric equations of the side relief face result as follows: 
The meshing worm of the resharpened gear hob
If the theoretical generating edges (3) with (7) are roto-translated about axis z following a leader helix with axial pitch ax p these will re-mesh the theoretical worm surfaces from which they originate. Geometrically the re-sharpening can be defined as the rotation of the rake face about the axis z with an angle ε whose value increases with the number of re-sharpenings. Due to the conical helix effect, the new edges move closer to the axis with the distance ε δ π ε
As a consequence, they will fit a worm whose characteristic diameters decrease with ε δ 2 . The decreasing of the diameter under constant axial pitch leads to the increasing of the pitch helix angle.
In order to compute the re-sharpened edges, the side relief face parametric functions (8) will be inserted in the rake face implicit equation (6) (9) Equation (9) is built up by use of the following functions: It is to be observed that equation (9) is transcendent regarding both variables and as a consequence it can be only numerically solved.
The solving procedure consists in priming the value of angle ϕ for a set of N discrete values of parameter u. First of all let's remark that in using the first two parametric expressions of the involute worm (3) the distance of an arbitrary surface point to the axis z of the helix can be primed as
Only the subset of surface points situated between the addendum and the dedendum cylinder are considered. Thus, using equation (11) the limits of u became: 
Using formula (11) the equidistant radius division (13) generates a u division. Solving equation (9) 
The computing of the deviation
Let's define the deviation as the distance between the radial sections of the meshing worm and the ideal involute worm of the resharpened gear hob. The geometrical formulation of the definition is shown in Figure 4 . It is evident that the ideal involute worm radial section is an involute that it intersects the radial section curve of the meshing worm on the pitch circle. The distance is measured in normal direction to the involute, thus the measuring direction is a tangent to the basic circle. The radial section of the meshing worm results from expanding matrix equation (15) followed by zeroing coordinate z: The value of parameter u for the pitch radius results from the equation
The root of (22) 
The difference in lengths of tangent segments KA and LB -as it results from the mathematical definition of the circle's involute -is equal to the basic circle arc The angle y α is primed using the orthogonal triangle BOM. Finally, the expression of the deviation can be computed involving expressions (23,.., 25) in the following formula:
( )
The sign of the deviation shows the relative position of the meshing and the ideal involute worm. If the deviation is positive then the involute curve falls in the interior of the meshing worm's section, thus the tool eliminates more material from the tooth gape than necessary and as a consequence it produces a small and acceptable undercut of the tooth base and also a crowning on the addendum segment. If the deviation is negative, then the tool meshes a thinner tooth gap while the involute surface remains covered by the allowance rest.
Numerical simulation
The mathematical model presented in the previous chapters was tested on gear hobs with one thread, °= 20 
Conclusions
The numerical investigation of the gear hob's mathematical model makes it possible to formulate some conclusions regarding the construction and design of monolithic gear hobs.
First it is necessary to emphasize that despite the fact that the ideal status is situated on the middle of the re-sharpening reserve e.g. between 0% and 100% of wear, the deviations are significantly higher before the ideal status than after. This conclusion is supported through the comparative investigation of figures 6, 7, 8, and figures 10, 11 and 12. The deviation of the 25% worn and re-sharpened 2° pitch helix inclined gear hob is nearly 6 times lower in comparison with its new status. In the case of the 3° pitch helix gear hob this scale increases to almost 20, which is significant! In the wear interval of 25%-75% the deviation values remain under one micron. It can be concluded that they have only theoretical significance.
Even in the case of total wear status the re-sharpened gear hobs show acceptable deviation values in comparison with the ideal involute gear suited to the diminished diameters.
Considering the particularities of the deviation evolution with wear status, it can be concluded that the classical design of the gear hob -where the ideal elements are set on the middle of the wear reserve -is not the optimal solution. The conception regarding the dimension of the new gear hob must be renewed. The re-sharpening reserve must be distributed about the ideal dimensions in such way that the deviations should not exceed the admissible value. The model can be used for the computing of the limits of variation regarding the pitch diameter.
When the difference between the theoretical and the real grinding wheel meshed relief face is significant, the variation of the deviation functions can be slightly different.
